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f 57 J ABSTRACT 
A biologically active composition made up of core 
particles having diameters of less than about 1000 nano- 
meters which are coated with a layer which is designed 
to allow attachment of biologically active proteins, 
peptides or pharmacological agents to the microparti- 
cies. When Human Immunodeficiency Virus (HIV) 
viral protein is attached to the core particles, the result 
is a viral decoy which accurately mimics native HIV in 
size, structure and surface character while being en- 
tirely devoid of virulent activity due to the microparti- - 
cle core. The HIV decoy is useful as a vaccine for treat- 
ing mammals to elicit an immune response. 

9 Claims, No Drawings 
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HUMAN IMMUNODEFICIENCY VIRUS DECOV 5' ? J, J?° 0 » R * L - < ed > : Biological approaches to 

TiKUa U1LCOY the delivery of drums, Ann. N.Y.Acad. Sci. 507, 104-119 
BACKGROUND OF THE INVENTION (1987).) Poznasky has developed an enzyme-albumin 

Pat No. 5,2.9,577. % D ° W U S " w 2^^^**BS*p NeW Y °* 

FIELD OF THE INVENTION .. Shaw 211(1 othej "s have prepared and characterized 

The present invention relates generally to synthetic V°Y^tf T^lf^ L ShaW ' J * M " Shaw > K ' 

biologically active compositions which* Wan* A ' School L R rvr^ M " ^ S " Rosow ^. 

croparticulate core. More particularly the oreJntTn 15 £l„ ♦ • ' ^ I ? d,ver y of ^Pophilic drugs using 

vention relates to a synthetic Hun^n LSu^defi-" ^TT^V,^ 0 ' L(ed - ): ^ 

ciency Vims(HTV) decoy which fniTL^Ta^e a^h V o/ ^ AnnaIs New York 

DESCRIPTION OF RELATED ART 20 interactions do occur although little deSJTkn^T 

The attachment of biologically active proteins pen- ♦ 1° "J"-™ 8 ** biological composition, it is impor- 
tides or pharmacologic agents to various carrier par£ ^ ^ ?1 conformational integrity and biological 
cles has been an area of intense investigation These actlvit y of ^ adsorbed proteins or other biological 
conjugated biological systems offer the promise of re- agCnt ? * p y eserved ^out evoking an untoward im- 
duced toxicity, increased efficacy and lowered cost of 25 ™*Mogical response. Spacial orientation and struc 
biologically active agents. As a result, many different ^ configuration are known to play a role in deter- 
carner models are presently available. (Varga, J M mming ™ biological activity of many peptides, prote- 
N :' . m Goldberg, E. P. (ed.): /to/y/nm « AWcgJ "* S *° d pharmacological agents. Changes in the struc- 
ondJtedzcme New York, Wiley, 2, 73-88 (1983). RaS- £ura ! configuration of these compounds may result in 
SK/ °* ?7 Huff ^ er > «- H., in Juliano, R. L. (ed.): 30 P^* 1 or **al loss of biological activity. Changes in 
f ol <f™ l . A PP™hes to the Delivery of Drugs, Ann. N. Y. configuration may be caused by changing the environ- 
t^t^ U J^ 10 ^ U9 (1987) ) Noncrystalline and meat surrounding the biologically active compound or 
mtcron stzed inorganic substrates are the most common f« ent - For example, pharmacologic agents which ex- 
P 2 >temS arC 1 the m0St comm only conju- hlb ! 1 i" activity may not exhibit in vivo activity 
£™m!S2fY f ^P 16 ' gold/protein (principally 35 ow ^g to the loss of^the molecular configuration for- 
unmunoglobuhn) conjugates measuring as small as 5 nm merl V determined in part by the in vitro envkonm^t. 
L hVnt e, Jrr d " -~° l0SiCal kbeIin S applications further, the size ^associated abm^y o?*e™er 

^j-!=ssBiSKr (,971) - 40 isasr-"— 

auanized iron oxide protein conjugates (again princi- Although numerous different carri^ T,„~i,-i„ j, 
paBy antibod.es) generally measuring betwJTsOO and been developed, O^bTS^S^JS^^SZ 
tioSX« V D t r ^ Ven r la ta VariOUS m "PP""" ^Partcles'forbo&fa ZaS 
EST ("f^roZTS* ^ 45 - biologicaliy active peptide, p^t^Z- 

Ber^A-'civSc^unSf^ J ,'. EU , en S sen ' T- » devd °P ******* decoy viruses which could be^sea It 

P^pa*^^ ^e^^ individuals against such dreadS 

body. Agents Actions 1982; 9:207-212 (id. no. 60).) The 

resulting 4500 nm beads demonstrated both the adsorp- SUMMARY OF THE INVENTION 

Sy b notiaS'p^S" WeU<Uthe 55 J," 'T' 130 '* ™°>*°»> 

Carrier systems d«i™%S T^,? ^ ,. . CaUy acUve Peptides, proteins or pharmacolojacal 

have^een IbSJftSfS^ • ? appbcaUons 'S"" 5 Me »«««*ed to a core particle to moTaVa wMe 
c.^. ^S tlTS a°^ri C ^£2*%*$ active'com^o^elnvel! 
WtmeotnpriJdrfpolys^ne^oreT^^tS^ B °» the discovery that the surface of ultra- 

copolymer polo^er^W^Se^d «lvo?v ^P^ 0 '^ (™^«^' P^cles) can be modified 
propylene, outer coats thS SSSwdJ abffitv ^ 1 T*" ?° atlng t0 ^ ^chment of biologi- 
to bypass rat liver and splenic macropn^es©av^ S mole0ts . to P rodnce compositions whereto 

S., Ilium, L, Biomaterials 9 lU-nw^S ^ «»« naturally occurring structural environment of the 

delivery with these pSStebu « «£2fde2? 65 " mi ^ ke £™ < a="nay » that biological activ- 

stratei Ranney and Huffak^ • 65 ,ty ° preserved ' Ke coating which provides for the 

oxide/albumwL^ysttT^t ^^TsoZo^Z tTTH, f aetive ^cties to nanc^ 

panunagnetic drugliriers. (Ranney, D. F Cak« fa'^" 5 m ^^ce with the present inven- 
v =y, r., "ullaker, Con can be composed of a basic or modified sugar or 
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oligonucleotide. Coating nanocrystalline particles with pharmacological agent to a core particle in order to 

a basic sugar or oligonucleotide produces changes in the preserve and/or enhance bioreactivity. 

surface energy and other surface characteristics which The compositions of the present invention include 

make the particles well suited for attachment of biologi- nanocrystalline core particles (diameters of less than 

cally active moieties. 5 1000 nm) which are coated with a surface energy modi- 

In one embodiment of the present invention, nano- fying layer that promotes bonding of proteins, peptides 
crystalline particles are used to prepare a decoy virus or pharmaceutical agents to the particles. The coating 
wherein the DNA or RNA core of the virus is replaced modifies the surface energy of the nanocrystalline core 
by the microparticle. The microparticle is chosen to be particles so that a wide variety of immunogenic prote- 
approximately the same size as the viral core so that the 10 ins, peptides and pharmaceutical agents may be at- 
confonnation of the surrounding protein coat accu- tached to the core particle without significant loss of 
rately mimics the native virus. The resulting viral decoy antigenic activity or denaturization. The result is a bio- 
is incapable of infectious behavior while at the same logically active composition which includes a biologi- 
time being fully capable of effecting an immune re- cally inert core. The end use for the compositions of the 
sponse and otherwise being antigenically bioreactive. 15 present invention will depend upon the particular pro- 

In this embodiment, an ultraflne particle having a tein, peptide or pharmacological agent which is at- 

diameter of less than about 1000 nanometers is chosen tached to the coated core particle. For example, prote- 

so as to niimic the DNA or RNA core. Viral peptides ins or peptides having antigenic activity may be at- 

attached to the coating surrounding the core have a tached to provide compositions useful as immunodiag- 

structure which mimics at least a portion of the native 20 nostic tools. Viral fragments or protein coatings having 

virus. This size of microparticle core is also well suited immunogenic activity may be attached to provide a 

for carrying anchorage dependent pharmacological vaccine. Also, pharmacological agents may be attached 

agents and otheT biologically active compounds which to provide compositions which are useful in treating 

require a nanocrystalline particle anchor or core in diseases. 

order to maintain their activity. 25 For preparing decoy viruses for use as vaccines, par- 

As a particular feature of the present invention, a tides having diameters of between about 10 to 200 

decoy virus is provided which includes viral particles nanometers are preferred since particles within this size 

from HIV as at least part of the protein coat. It was range more closely mimic the diameter of DNA and 

discovered that this decoy virus was effective in elicit- RNA cores typically found in viruses, 

ing cellular and humoral responses in animal models. 30 The core particles may be made from a wide variety 

The biologically active microparticles in accordance of inorganic materials including metals or ceramics, 
with the present invention have wide-ranging use de- Preferred metals include chromium, rubidium, iron, 
pending upon the type of biologically active compound zinc, selenium, nickel, gold, silver, platinum. Preferred 
which is attached to the microparticle core. When viral ceramic materials include silicon dioxide, titanium diox- 
protein from HIV is attached to the microparticle core, 35 ide, aluminum oxide, ruthenium oxide and tin oxide, 
the result is a decoy virus which may be used as an The core particles may be made from organic materials 
AIDS vaccine, diagnostic tool or antigenic reagent for including carbon (diamond). Preferred polymers in- 
raising antibodies. Non-viral protein or antigen coatings dude polystyrene, nylon and nitrocellulose. Particles 
may be selected and structured for use in raising specific made from tin oxide, titanium dioxide or carbon 
antibodies or as a diagnostic tool. Further, the mi- 40 (diamond) are particularly preferred, 
croparticles can function as a pharmacological agent Particles made from the above materials having diam- 
when compounds having pharmacological activity are eters less than 1000 nanometers are available commer- 
attached to the core particle. cially or they may be produced from progressive nucle- 

In accordance with the present invention, the utiliza- ation in solution (colloid reaction), or various physical 
tion of a core microparticle around which HIV viral 45 and chemical vapor deposition processes, such as sput- 
protein is attached provides an effective way to accu- ter deposition (Hayashi, C, J. Vac. Sci. Techno!. A5 
rately mimic the antigenic reactivity of native HIV (4), Jul/Aug. 1987, pgs. 1375-1384; Hayashi, C, Physics 
while totally eliminating any of the problems and risks Today, Dec. 1987, pgs. 44-60; MRS Bulletin, Jan 1990, 
associated with the presence of the viral genetic mate- pgs. 16-47). Tin oxide having a dispersed (in H2O) ag- 
rial. In addition, other proteins, peptides or pharmaco- 50 gregate particle size of about 140 nanometers is avail- 
logical agents may be attached to the core particle to able commercially from Vacuum Metallurgical Co. 
preserve and/or enhance the activity of the compound, (Japan). Other commercially available particles having 

The above-discussed and many other features and the desired composition and size range are available 

attendant advantages of the present invention will be- from Advanced Refractory Technologies, Inc. (Buf- 

come better understood by reference to the following 55 falo, N.Y.) . 

detailed description. Plasma-assisted chemical vapor deposition (PACVD) 
„ „^ v-,^.,. rtT ,^ is one of a number of techniques that may be used to 
DETAILED DESCRIPTION OF THE prepare suitable microparticles. PACVD functions in 
INVENTION relatively high atmospheric pressures (on the order of 
The present invention has wide application to immu- 60 one tort and greater) and is useful in generating particles 
nologic procedures and methods wherein antigenic having diameters of up to 1000 nanometers. For exam- 
material or other biologically active moieties are uti- pie, aluminum nitride particles having diameters of less 
lized. These areas of application include vaccination than 1000 nanometer can be synthesized by PACVD 
agents, antigen agents used to raise antibodies for subse- using Al (CHjyi and NH3 as reactants. The PACVD 
quent diagnostic uses and antigenic compounds used as 65 system typically includes a horizontally mounted quartz 
diagnostic tools. The composition of the invention can tube with associated pumping and gas feed systems. A 
also be used in a wide variety of other applications susceptor is located at the center of the quartz tube and 
where there is a need to anchor a protein, peptide or heated using a 60 KHz radio frequency source. The 
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synthesized aluminum nitride particles are collected on Suitable vim«Ac a™ „,u;~u ■ t 

coatmg is preferably accomplished by suspending the 15 With rwnw-t tn. mv ««■ *u , r- 

The coating solution into which the core particles are The orocednre fnr a t**M«„~ 
suspended contains, for example, from 1 to 30 weight- oroSi t^t^l* attach fS the antigens or other 

app™te> y 1 weight/volume percent of particles are 3 5 protein ...aStSf STe^ Lch 2 

ppllimillllil 

particles may be selected from a wide variety of prote- 55 Na= 30-70; SS£S(> <^-"^3 Jmf^ a ?S 
ins or peptides. Those having antigenic DroDerties are Ma-nnm^nni tu ^ .W»3-a00I; and 

s^^ci'KS^sr.-airr « as r&£S« 
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cJt^r^rnJ?^ Witb a T° he ?- Pr ° tein The coated particles are Ln used to attach antigenic 
f^/if fr ° m ^ ,0mc gr0wth medlum proteins, peptides or pharmacological agents to prepare 

stored for further use. The coated particles may be bioreactive particles gems to prepare 

stored by any of the conventional methods typically 

used for storing antigenic compounds or antibodies. For 5 EXAMPLE 2 

example, the coated particles may be freeze dried or Preparation of nanocrystalline ruthenium oxide Darti- 
stored as a suspension in a compatible solution. When cles: The same procedure was carried out in accordance 
2S?<£ ? VaCCin !ll, e partI ? leS COated ^ a with Example 1, except that ruthenium oxide micropa^ 

tern coat are injected or otherwise administered to the tides were substituted for the tin oxide particles The 
individual according to conventional procedures. Any 10 ruthenium oxide particles were obtained from Vacuum 
pharmaceutical^ acceptable carrier solution or other Metallurgical Company (Japan), 
compound may be used in administering the coated 

particles to the individual. When used for diagnostic EXAMPLE 3 

purposes in vitro, the protein coated particles are sus- Preparation of the nanocrystalline silicon dioxide and 
pended in solution and used in the same manner as other 15 tin oxide particles: Nanocrystalline silicon dioxide was 
antigenic compounds. The same is true for use of the acquired commercially from Advanced Refractory 
protein coated particles for raising antibodies. The same Technologies, Inc. (Buffalo, N.Y.) and tin oxide was 
protocol and procedures well known for using antigens acquired commercially from Vacuum Metallurgical Co. 
to produce antibodies may be used wherein the protein (Japan). The tin oxide particles were also prepared by 
coated particles of the present invention are substituted 20 rea c tiv e evaporations of tin in an argon-oxygen mixture 
for normally used antigenic compounds. and collected on cooled substrates. Nanocrystalline tin 

The following non-limiting examples describe certain oxide was ^ synthesized by D.C. reactive Magnetron 
aspects of the present invention in greater detaiL sputtering (inverted cathode). A 3" diameter target of 

ryaa™ rr i hl > h ^ was sputtered in a high pressure gas 

JiAAM.r*L£ l 2 5 mixture of argon and oxygen. The ultrafme particles 

Preparation of nanocrystalline tin oxide microparti- formed m the gas phase were collected on copper tubes 
cles: 1.5 to 2.0 mg of ultrafme (nanocrystalline) metal to 77 " with flowing liquid nitrogen. All mate- 

powder was placed in a 1.7 ml screw-cap microcentri- ria ^ s were characterized by X-ray diffraction crystallog- 
fuge with 1.5 mis of double distilled water (ddH 2 0) ra P h y» transmission electron microscopy, photon corre- 
The ddH 2 0 was filtered through a rinsed 0.45 micron 30 Ution s P ectf oscopy, and Doppler electrophoretic light 
filter-sterilizing unit or acrodisc (Gelman Scientific). scatter analysis. X-ray diffraction samples were pre- 
The metal powder was tin oxide with a mean diameter 5"?? b ^ mOUnting P owder on a glass slide using 
(by photon correlation spectroscopy) of 140 nm The double-sized^ Scotch tape. CuKa radiation was used on 
mixture was vortexed for 30 seconds and placed into a , a Norelco difTractometer. The spectrum obtained was 
water sonicating bath overnight. The sonication bath ^P^^ with ASTM standard data of tin oxide. (Pow- 
temperature was stabilized at 60' C. After a 24-hour der Diffraction File, Card #21-1250. Joint Committee 
sonication, the samples were vortexed once more for 30 P . ower diffraction Standards, American Society for 

seconds with the resulting dispersion clarified by mi- Testm S andMaterials, Philadelphia 1976.) The speci- 
crocentrifugation at approximately 16 000 rpm for 15 „ n menS CTEM) were collected on a standard 3 mm 
seconds. The analysis of particle size was carried out on diameter ^bon coated copper mesh by dipping into a 
a Coulter N4MD sub-micron particle anataT ^pernon of the (UFFs) in 22-propanoI. The samples 

The coating was applied to the tin oxide particles by ^Zf^T^ ^L^l^™ 100 Cx *™ accel- 
suspending the particles in a stock solutionof cellobi- ^J^T^rl^ 0 KV - , . 
ose. The cellobiose stock solution was a 292 mM solu- « i 7° ?,T r ^ dispersions of these metal oxides, 
tion made by dissolving 1 .000 gram of cellobiose in 9.00 ^Z^^Z^ I WaS added to 15 ^ 

mis of ddH 2 0. Solution was accomplished at approxi- H ?° m screw top microcen- 

mately 70° C. in order to promote quick dissolS ^ (Sarsted) and vortexed for 30 seconds. The 

The resulting cellobiose solution was filter sterhS ^^£3^ "J** 1 f ° r it* 24 hours foUowed 
through a rinsed 0.45 micron filter with the final volume S0 ™ ' "T?' ^ submicron fraction 

being adjusted to 10.00 ml. 50 was 111611 lsolated b V peUctmg macroparticulates by 

Sufficient cellobiose stock solution was added to 150 Z^^^T*?" 1 16,000 * S f ° r 15 Seconds * A PP">»- 
microliters of ultrafme tin oxide dispersion so that the X«d i j£ W ^ ^ . rCm ° Ved 311(1 

final concentration of the tin oxide was 1 00 percent S 2! a ? dust-free screw top microcentrifuge 
(w/v) or 29.2 mM. A typical voljfor m«£xS£ « - sample was prepared for photon correlation 
was 2.0 mis which was S£d iSTfl? tSS^ Te ETi ^ M ? } ^ D ° ppler eIectr °- 

action of a micro-pipetor. After mixing, SpersSn 1 £^^J!fTf% i S 0 ^ ^ by 
was allowed to equilibrate for two horns Demon^ removing 50 to 100 of the dispersion and placing it in 
tion of successfuTcoating oTteS^^SSS 

by measuring the mobility of the particles (coated and fin A^iZi^ k7, 7? stabmt V of dispersion was 
uncoated) on a Coulter DELSA 440 donmer enertv dete ™ ned b * sequential measurements over a 24-hour 
light scatter analyzer The coated tin oZdl JntfZ 5^ ^ W "f found to be StabIe " ™* stability of the 
exhibited a relativ^y !ow ZtlV^cZ^JT^ ™* s ^ of the 

o^ stock m a 15.0 ml capacity ultrafiltration stir cell 
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fSTOF 0 T' hi ^ h *"* • b f a ' fitted with a Pre-rinsed to 10.0 ml with Ca++ and Mg+ + free phosohate buff 
SnS,S°^^ T 8ht , C " t0 ^ type F membrane «* ^ (Gibco). Forty (400) ^g of pSh^S 

removal of 500 ul of the treated dispersion by N4MD .0 head" w^g the sample wS aiSn S 

6 confirmed by ELISA, was added to the concentrated 

EXAMPLE 4 20 ro 1111 reaction product at 37,5' C. with gentle stirring. 

^,^7 was sputtered in a high pressure gas A 200 pi aliquot of blocking agent, 1% w/v bovine 

rapny, selected area electron diffraction, transmission Hon mature was allowed to incubate for 30 minutes A 
etectron microscopy, photon correlation spectroscopy, sample was removed, chopped on a ia^Sdec^ 
Z^" S l l SPeiSiVe ™yje>x*°**>Py- X-ray dif- tron microscopy grid and^uum oried^S^ 
fraction samples were prepared by mounting the pow- was again washed wtth IS ml of divaLt freTSke 
der on a glass slide using doubled Scotch tape. 35 under Ynitrogen pressure head I and then feed with 
tome£ P ^ I te C ^ m V o S bS e td 0n ' f**t One ml of 3%^ o^nfcSlag^ 

S^SS? t° WaS Characterized by pho- 45 Transmission electron micrographs showed that the 

SSCS^ 50 -' 600 s run time D.C. magnetron sputtered Xte^omp^ot 

^S^^S7S^^^ WPe ^ *«5 nm in dieter 

SoTm^rn^^ nlV^P JSM-T330A scanning which aggregated into clusters measuring 80 to 120 nm 

electron microscope using Kevex quantex V software. in diameter. By photon correlation sDectxosc»Dv these 

fJ t l?rl™ T] 7 g dlSperei ° m ofthese metal oxides 50 same particles when ^SSSZ^^^^. 

for the synthesis of compositions in accordance with the duced agglomerates mStariut 154±53nm^S/S 

™to TOrf 5 .^ f "£* ^ P°" d ™ oxide proles were ful™^ L c^c^zS 
hSSL?Jr i 1 • "? ^bobiose-phosphate by electron and x-ray diffraction. Energy dispersive 

55 -^^showednoothereleme^^ 

rn^"°L fra °K i0n W3S the ° .?° lated by P 011 ^ ^ By Doppler electrophoretic light scatter analysis tin 
aFE^&ZEST&Tl a ' I6 ' 00 ° * 8 f ° r oxide e)tMbited « mean mobilitfof l^SElf^ 
th™1^™^ P ^ T ^ **' ? f supemat!mt was cnW-s in aqueous solutions ranging from 10 8 to 203 
™«fu«tn^. P l7!L m t dUSt &eC *? NaCL Following cellobiose s^ce cTating taa 1% 

crocentnfiigetube. An aliquot was removed for photon 60 solution, tin oxide exhibited a >n« n m«Kiii^ If 

rs^S° t £ra^d= Vedf ° rCW ^ -<™^^^^ 

the stability of the coated dispersion over time and with tions of increasing cellobiose concentration 

omde nanocrystalline cores, the core sample was diluted tron microscopy. Vacuum dried dropped s^p°«wnh 
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WiA^^^iSS ^ ti H° dy r CaSUred 35 " 50 1 1 l m - molecular weight stir cell and then adjusted to a con- 

Without the ceUobiose bonding layer, vacuum dried centration of 1.0 u-g/uJ or approximately 1.0 ml final 

h ^ measured 400 ? > nm. Occasional anti- volume. Then 500 d ofthe triton freeEBV extract 

body bonding was noted Following high concentration quickly added to a MD nominal molecular weiriu s£ 

mmiunogold labeling and fdtering, the thin section eel- 5 cell with 2.0 ml of the surface 

!°^°? e ^ ted ^Pecunens measured 50-100 nm. Positive sion prewarmed to 37.5' C TnT^n^e was ^ 

gold bincung was identified m approximately 20% ofthe slowly stirred while being incubated at 37 5" clbrTS 

appropriately coated samples whereas negative controls hours. After incubation the imabsorbed EBV extract 

SS&S?^ but . lack 7S^ e rabb * was removed by ultrafiltration against 25 ^ ofSS 

body) exhibited approximately Wc nonspecific binding. 10 phate reaction buffer 
As can be seen from the above examples, the biologi- Control (non-EBV) decoys fabricated with lambda 

itf^rlFT™ t0 SUrfaCC ° f ^ P^e viral protein extracts werfsyT^a usrn^ tSe 

bohydrate-treated nanocrystalhne metal oxide particles same process described above. 

is preserved. Intermediate components, the final assembled de- 

EXAMPLE 5 15 coys ' and whole Epstein-Barr virions were character- 

dLSbed taE^^T sP«ttermg as previously 20 having at 25' C. pITs ranging between 4.59 and 9.06 and 
c.V.\T.z! P „. corresponding conductivities ranging between 2 290 

• sucrose grad.ent purified Epstein-Bart and 4,720 mS/cm were prepared.^quotTofntw tin 

rTchSoT'Arf TJX B t 95 ? CeU ] r WCre °» de - Surface modified «ltose"S tL 0 ^ 
f f L on \ Adv f ced Biotechnologies, Inc., Co- synthesized EBV decoy, and whole EBV were dudvzed 

S^^rr^^ 25 ~ each of the nine solution^ ^l^^of 
TRIS m^r,r^^ ff SDS ? ended . m '? ?M ^ particulates in dispersion were then measured at 
™ P • 5 buffef ( a PP, roMmalel y 0-9* field strengths of 4.0, 5.5, 5.5, and 8.0 mA respectively 
mT TrSoTxS? TTV"" t *° lUbmZ ? °r % mobiKty values simultaneou^bTthe .4 

50 (MoL for60 rl^,,^ .SP, •^'^ST**" 1 ■ ^ detectors of «"* mstrument were averaged »d 
• VX^ 8 ; «) minutes to pellet the DNA core using 30 the means of 3 measurements per dispersion were re- 
a modification ofthe method described by Wells. (Wells corded. p oispersion were re- 

orotetaf meiSnf FrI*^ 6 ^ SlyC °" ^ Resized EBV decoys and control decoys 

cXTv^v^XlS*!^ f R 'f 1 * 0 ^ were characterized by immunoagglutination photon 

ecus. J virology 1982, 41:286-297.) Following dialysis, correlation spectroscopy to determine the antibodv 

the superaaunt EBV extract was characterized by both 35 reactivity ofSurir surfaces. PosWvT^cr^^TZ 

SDS-PAGE (denatured) (Biorad Mini Gel H, 4-20% sessed by incubating the EBV decoy for Wrntaurt^t 

gradient gel 200 VX45 minutes and stained with silver] 37.5" C. with acocktail of anti-EW murLfrnTcS^na 

and s*e exclusion HPLC (non-denatured) [Waters 620 antibodies (1 ug each of anti^BWCA^EBraA 

SLTd^ * ^ "" d 72 ° Photodiode R, anti-EBVMA, m^S^wiZ^W^S^ 

array detector, 0.5 inVrnmute over a Waters SW300 40 0.9% NaCl, 10 mM HEPES buffer, and 0 2% NaN3 

?4^^L U Z S \ i0 ° 1 mM NaC1/20 »" TOIS P H ( DuPo °«- Wilmington, Del.]). Background r«<Sviry 

cES pb^T 1 , ■ was assessed by incubating the EBV decoy wtthSSe^ 

Control (non-EBV) proteins were extracted from vant murine IgG,. Specificity was assessed bv reacting 

ahquots of Lambda phage virus [Pharmacia, Milwaukee the lambda phage d^y ^trTmono^d anri^V 

JSu^I "h^i^fflySSS C^™ lati ° n - Cm - flW - » -gle [N4MD, 
mMcellobiose solution in a dust free glass vial by liberal Antibody affinity intensity was assessed bv hn 

XT^T^^^ J nd r trieS> mUn0g0ld ^»ion eSn^cro^fusufg Z 

ratftelsonuSd^ t *™™ u ^<= lo y'Jy suspension 50 particulates and antibodies listed above and {hen adding 
was men sonified at 175 W for 10.0 minutes at a fre- secondary ann-murine 30 nm eold-labeled antihoHW 

STtaTES^Z 1 *- * *Z 2 " Ta * tor ° I^^SoiJt^od for^! 

S" P „ ™? Branso " Ultrasonics Corp., Danbury Iron microscopy, Immunochemistry 8:1081-1083 
Conn.]. The dispersion was clarified by microcentrifu- 1971) y ° ,u01 ,u0 * 

!i^SL f ° r I 5 secon , ds - The rerrainmg pellet 55 Labeling of the EBV decoy (positive reaction) was 
w^en discarded in favor of the supernatant. Unad- accomplished by incubating a 20ul mixture of muring 
MmhrfS^H? T T.° Ved uI ^ afi i tration against monoclones (1 ^g anti-EBvVIcA an^f^g ant^Sv 
L^trSh^^? 11 ?- 40 , 25 EA-R - 15% lactose, 0.9% NaCl, 10 

• " j; 4 /H 2^U4' ) in a lOkD nominal molecular buffer, and 0.2% NaN3 rDuPontn with a fr*ch n^™i 

galt^7 5^ 60 ^ofEBV^ati?.^^^^ 
uS wtrt chf ^ / ^tennediate prod- kD nominal molecular weigh stir cell. Unbound an£ 

^n^/ f^f ^ "L?? P ° t0n correlatlon spectres. body was then removed by ultrafiltration against 20^nls 

525^5, ? WmS * 33 deSCribed ^ of phosphate reaction buffer underTsTps^reiure 

^^^S^^ 9 ^"^ ■ • head. After washing, 50 M l of goat antzlS 

TJe process of viral protein adsorption was initiated 65 covalently fused to 30^rim gold snheres r3i 

SiSiiSS^ ^ ^ ^ to «f rfac ^t from 250 M l cles/ml[Z^med liboratoMali ?£ScS cEtJ 

ahquots of EBV extract by ultrafiltration against 25 mis were incubated with 200 jxls of ATlab^ rSrrici? n I 

of phosphate reaction buffer at 4* C. in a 10 kD nominal 1 M nominal mc*i^^ 
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minutes. Unbound secondary antibody was removed by pH values of 5.0 and higher. Third, surface modified tin 
ultrafiltration against 10 mis of phosphate reaction oxide treated with cellobiose retained a mobility of 
rut- ™, „ , approximately -1.5 um-cm/V-s until it increased rap- 

Labeung of the EBV decoy (negative reaction) was idly to —2.5 um-cm/V-s at a pH of 7.5. 
accomplished by incubating 2.5 pX of murine polyclonal 5 The previously described photon correlation spec- 
nonspecific IgGl (1-Mg/u.l in 15 raM NaCl pH 7.4 troscopy showed that native EBV measured approxi- 
[Sigma Chemical Corp., St. Louis, Mo.]) with a fresh mately 102±32 nm and the synthesized EBV decoy 
0.5 ml sample of EBV decoy as described above fol- measured approximately 154 ±52 nm. Synthesized EBV 
lowed by the same washing and gold-labeling steps. decoy, when reacted with the monoclonal anti-EBV 
Labeling of the lambda phage control decoy (negative 10 cocktail, agglutinated to form 1534 ±394 nm masses 
reaction) was accomplished by incubating a 20 ul mix- Synthesized EBV decoy, when reacted with non- 
ture of murine monoclonal anti-EBV antibodies with specific mouse IgG, only increased slightly in size with 
the lambda phage virus coated decoy using the same agglutination diameters of 230±76 run. Lambda phage 
procedure detailed above. decoy, when reacted with the monoclonal anti-EBV 

Immunolabeled particles were prepared for electron 15 cocktail, only increased slightly in size with agglutina- 
microscopy in two ways. A direct immersion technique tion diameters of 170±35 nm 

where a carbon coated copper viewing grid [Ted Pella The previously described transmission electron mi- 

Inc., Redding, Calif.] was submersed into sample for croscopy of anti-EBV antibody labeled EBV decoy 
approximately 5 seconds and then fixed in 5% glutaral- particles revealed a positive gold staining frequency of 
dehyde for 1 minute, was used for all reactions as a fast 20 23.5I%±5.53 with an average staining intensity of 7 41 
screening technique. A more involved method adding gold labels per event. Examination of non-specific 
glutaraldehyde directly to the reaction solution, then mouse IgG antibody labeled EBV decoy particles re- 
pelleting the product at 16,000xg for 5 minutes into 0.5 vealed a positive gold staining frequency of 
ml soft agar preparation (0.7% agarose [Sea Kem, 5.53%±.2.04 with an average staining intensity of 1.00 
Temecula, Calif.] mH20). Then the resultant agar plugs 25 gold labels per event. Examination of anti-EBV anti- 
were embedded in plastic and sectioned into 0.1 ujn body labeled lambda phage decoy particles revealed a 
sheets for viewing^ positive gold staining frequency of7.2i%±1.26 with an 

Analysis of both the positive and negative controls average staining intensity of 1.06 gold labels per event, 
was performed by examining pelleted samples of the 

labeled reaction products by transmission electron mi- 30 EXAMPLE 6 

croscopy. The relative intensity of antibody binding In Vivo Elicitation of Antibodies By Epstein-Barr 
was determined by counting the number of tin oxide Virus Decoy: Four sensitization solutions were pre- 
based particles observed to have bound gold spheres (% pared and delivered once every other week by intra- 
positive) and then noting the number of gold spheres muscular injection in three 250 ul aliquots to New 
bound to a given particle (intensity, number/event). 35 Zealand rabbits aged approximately 8 weeks. The first 
The ultrafine tin oxide particles measured 20-25 nm four animals received approximately 10 9 whole EBV 
in diameter and formed aggregates measuring 80 to 120 virions (approximately 32 fig of gp350 estimated by 
nm in diameter by transmission electron microscopy. integration of the spectrophotometric absorption curve 
By photon correlation spectroscopy, these same parti- at 280 nm against a 25 ug bovine serum albumin stan- 
cles when dispersed in distilled water produced ag- 40 dard) dispersed in phosphate reaction buffer per injec- 
glomerates measuring 1 54 ±55 nm. The tin oxide parti- tion. The second four animals received 32 ag per injec- 
cles were fully crystalline as characterized by electron tion of isolated and purified gp350 using the same injec- 
and x-ray diffraction. Energy dispersive x-ray spectros- tion protocol. The third group received EBV viral 
copy showed no other elements present as impurities. decoys (Example 5) synthesized from a starting aliquot 
„ Characterization of the EBV proteins by SDS- 45 of 32 ugofgp350 per injection. The last group received 
PAGE showed two distinct protein bands. The first, cellobiose coated in tin oxide dispersed in phosphate 
existing as a dimer suggesting variable glycosylation, reaction buffer. Injections were free of adjuvant. Whole 
exhibited a molecular weight of approximately 350 kd blood was removed using aseptic techniques via cardiac 
which is consistent with the predominant envelope puncture 2 weeks following each of the three injections 
glycoprotein of EBV. The second exhibited a molecular 50 and the animals were terminated by cardiac puncture 
weight of approximately 67 kd consistent with serum followed by lethal sedation at 6 weeks. Serum was ex- 
albumin which apparently adsorbs avidly to the viral tracted by microcentrifugation at 16 kg of whole blood 
surface. HPLC confirmed the presence of two distinct for 1 minute and then stored frozen at -70" C. pending 
bands that exhibited spectrophotometric absorption analysis. 

maxima at 280 nm consistent with proteins. The pre- 55 Tm monospecific antibody against whole EBV virions 
dominant peak had a chromatographic retention time of (ABI) was assayed by ELISA. Approximately 10* vi- 
10.30 minutes and could be suppressed 90% by mono- rions/ml in phosphate reaction buffer were diluted 1:10 
clonal anti VCA. The second and relatively minor peak in coating buffer and then allowed to adsorb overnight 
exhibited a chromatographic retention time of 15.75 at 4* C in polycarbonate assay plates (Falcon). Rabbit 
mmutes similar to bovine serum albumin standards. 60 serum affinity for the bound EBV virions was deter- 
The previously described Doppler electrophoretic mined by the colorimetric reaction of goat anti-rabbit 
mobihty studies conducted between the pH range of 4.5 IgG alkaline phosphatase (Sigma) developed with para- 
to 9.0 demonstrated 3 distinct patterns. First, both the nitrophenyl phosphate. The concentration of immunos- 
decoy and native EB virus retained virtually identical pecific IgG were determined by comparison to a cali- 
mobu^&es of approximately - 1.4 ^m^cnW-s through- 65 bration curve using nonspecific rabbit IgG as the ad- 
out the pH range. Second, untreated tin oxide exhibited sorbed antigen and by subtracting the baseline values 
a mobility of approximately -1.0 /xm<:m/V-s at a pH recorded from the wells containing serum from the 
of 4.5 which then rose rapidly to -3.0 /xm-cm/V-s at rabbits stimulated with tin oxide only. 
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bodies, and evokes immunospecific antibodies with the ml with PBS^voioeled^fTr^m^ JS 
same effectiveness as whole virus. Using photon corre- InCmolo^ S oI hw^ ' ^ 
lation spectroscopy, the number of particles that aeglu- 20 RabbitsJ oSn7» of« ? T • y . 

tinatedin the three reaction conditio were cJcS either S&S Ztrin^T* mJeCte " with 

from the measured diameters of the aeeresates Th^i ~r„ ^^.P OIein P">tem extract mixed 

calculations indicate ma. ^ZZS^SS^S- b^y m^a^tThnT * • ^ ^ Anti " 

bodies produce agglutinated masses consistins of, an Hm^< ? L !i were measured ^ 

average 988.0 dSy EBV parTcl^C^ 25 -^^S^S^TS! J£2^ °f 

The — ogold transxrSion Sn^o ^J^S^^S^^^^^^ 
shows that the gold labeled antibodv stainino of V^7 « ■ ot earpnck sites for animal sensitized to 

EBV labeled EBV decoS 2?£ ?? 35 * ecoy ^ 311(1 whole virus showed similar (qualitita- 

lated purified protein^^xZplS 5 ^d 6 ^ S ^r^ rh^ Sb °7 im ^ ab ° ve exam P le ' HIV decoy of 

Vol. 2, 25I-259?(199n PP ° matenal ' characte ™acs include: size, surface charge, im- 

v munorecognition, ability to elicit comparable antibody 

EXAMPLE 7 45 aters > md ™e magnitude and character of cellular re- 

Preparation of HTV Decoys- ^"fS' Theae a " ributes show that the decoy virus in 

The following procedure was used to adsorb HTV TsZ^J^^^?*™*™ ^ ftuiction 
membrane antigens onto diamond nanocrystalline parti- The entiS ^Z^TAtF I' Jt 
cles to provide HTV decoys <n „u contents of all references cited herein- 

HIV Workup. 1.0 nJ of HIV (TCID SO W w hi ,K ""S* ?" tacor P°rated by reference, 

varied between 10"= to lO^n II d"™^ bv^^ ^«„g thus described exemplary embodiments of th e 
producer Advanced Biotec^olo^tcTwTd^y^ KiETS^Stl*' * *«*"«« "> 
mto PBS by 100 KD ultraffltraticS and frozen do™ to and H^ L^LT^ dis ^ osa "? m exemplary only 
-70' C. until needed. On injection davtheWrS^ck 55 3*^,; °? her alternatives, adaptations and, 

was thawed on ice and dU JSdlo 1°25 k PBS^OO Tof m °* f5c ? tlons .""V * within the scope of the 

this preparation was used foTinVction 10 ml of Hrt f nt . m ^ ent10 ?- Accordingly, the present invention is 
(10575 transforming units p« IABI1 was adde^^ wJlTw t0 *?' ^^embodiments as illustrated 

: =55 L, ^^ 1 ~ ,i,, ^ 

into PB, For a !oO u, inject -E^KS " STurf^^^^ 
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which is sufficient to bind immunologically ac- 3. A method for vaccinating an animal according to 
tive fragments of the human immunodeficiency claun 2 wherein said core particle consists essentially of 
virus without denaturing said immunologically L oxide * 

active fragments, said substance covering at least * ~i Z '\ m ? thod {or . vaccinating an animal according to 
a part of the surface of said core park and diaTond ^ ^ ***** ***** of 

being selected from the group consisting of eel- . 5. A vaccine according to claim 1 wherein said metal 
lobiose, trehalose, isomaltose, maltose, nystose, » selected from the group consisting chromium, rubid- 
maltotriose and nitrocellulose; lum ' bon, zinc, selenium, nickel, gold, silver and plati- 

at least one immunologically reactive fragment of 10 Ta 
*e hnmm i—eficieocy v™ bfund to ^VSd^'^tS 
coated core particle to form said decoy dioxide, aiuminum oxide, ruSri Zdt^lo^SS 
virus; and on oxide. 

a pharmaceutical^ acceptable carrier for said decoy 15 7 ' A vaccin e according to claim 1 wherein said core 
virus. particle consists essentially of diamond. 

2. A method for vaccinating an animal to raise anti- mLt nf^ll^ 01 ^ 5 1 wherein ^ ^S" 
„ . . , e w " asc 31111 ments of human immunodeficiency virus are selects 
bodies agamst the human immunodeficiency virus, said from the group of fragments caSL^JZ S « 
method comprising the step of administering to said 20 160 > and gp 41. g ^ ' 69 
animal an amount of the decoy virus according to claim 9 : A method for vaccinating an animal according to 
1 sufficient to elicit an immune response which raises lob^st Wherem Said °° atin e consists essentially of eel- 
said antibodies to said human immunodeficiency virus. ° ^ 
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